




• We have made accurate
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depth of old oceanic ﬂoor
• Our measurements have key
implications for dynamic topography
• There are major discrepancies
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Abstract In the oceans, our understanding of plate subsidence as a function of age permits residual
depth anomalies to be identiﬁed and mapped. These anomalies may reﬂect dynamic topography and could
be an important means for constraining convective circulation of the sublithospheric mantle. Here we
analyze a global database of seismic reﬂection and wide-angle proﬁles from heavily sedimented oceanic
crust, which abuts continental lithosphere. At 449 locations, we calculated water-loaded subsidence,
compared it with a reference age-depth relationship, and determined residual depth. We then combined
these spot measurements of residual depth with observations from mid-oceanic ridges and from selected
ship track bathymetry to construct a global map of residual depth. Our results suggest that the amplitude
of residual depth varies by up to ±1 km with wavelengths of order 103 km. We compare our residual depths
with free-air gravity and seismic tomographic anomalies. Our results show that residual depths correlate
with long-wavelength gravity anomalies. In contrast, correlations between residual depths and vertically
averaged shear velocity anomalies within the upper and/or the lower mantle are weaker. The largest
discrepancies occur at short (∼1000 km) wavelengths. These combined observations suggest that residual
depth anomalies could be generated by density variations within a thin (∼102 km) low-viscosity layer
beneath the lithosphere. Our global compilation should play a signiﬁcant role in helping to reﬁne predictive
geodynamical models.
1. Introduction
Changing patterns of convective circulation within the Earth’s mantle generate and maintain dynamic
topography, which is some fraction of observed topography (Figure 1) [Hager et al., 1985; Hager and
Richards, 1989; Cazenave et al., 1989]. Since convective circulation cannot be directly observed, detailed
measurements of dynamic topography through space and time should provide useful physical constraints.
The principal problem is that it is diﬃcult to discriminate between small dynamic topographic signals, which
are probably driven by density changes beneath the lithospheric plate, and larger isostatic signals, which are
generated by density changes within the crust and lithosphere caused by thermal and compositional het-
erogeneity. This problem of discrimination is especially acute within the continents where density structure
is both poorly known and spatially variable. Fortunately, spatial patterns of dynamic topography are easier
to measure within the oceanic realm since isostatic signals can be removed with greater conﬁdence. Oceanic
lithosphere cools, thickens, and subsides as a function of age away from the mid-oceanic ridge [Parsons
and Sclater, 1977]. The relationship between plate subsidence and age in regions, which have negligible
dynamic topography, is well known [e.g., Crosby et al., 2006]. Consequently, it is possible to use regional
age-depth observations to determine positive and negative residual depth anomalies. These anomalies
have several possible explanations. A strict deﬁnition of dynamic topography states that it is the deﬂection
of the Earth’s surface in response to normal stresses, which are generated by ﬂow within the convecting
mantle [e.g., Flament et al., 2013]. Since residual depth anomalies can be generated by thermal anomalies
located either within the thermal boundary layer or within the convecting mantle, the size and shape of
these anomalies yield an upper limit for dynamic topography in a strict sense. A broader and more practi-
cal deﬁnition of dynamic topography embraces thermochemical and ﬂow-related anomalies beneath the
lithospheric plate.
In recent years, diﬀerent maps, which show the global variation of residual topography in the oceanic realm,
have been published [e.g., Colin and Fleitout, 1990; Panasyuk and Hager, 2000; Kaban et al., 2003; Crosby et
al., 2006; Crosby and McKenzie, 2009; Flament et al., 2013]. We wish to revisit this topic for two important
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Figure 1. Cartoon summarizing main controls of depth to oceanic base-
ment as function of plate age. General increase in plate thickness with
age is controlled by cooling and thickening of lithospheric mantle [e.g.,
Crosby et al., 2006]. Negative and positive depth anomalies are caused by
convective upwellings and downwellings, respectively. Red patch under-
lain by upward pointing red arrow = convective upwelling and its surﬁcial
manifestation; blue patch underlain by downward pointing blue arrow =
convective downwelling and its surﬁcial manifestation.
reasons. First, a large body of mod-
ern seismic reﬂection and wide-angle
proﬁles have been acquired over the
last 10 years along the margins of, and
within, oceanic basins. These proﬁles
can be used to accurately calculate
water-loaded subsidence in places
with thick sedimentary cover and
variable crustal thickness. Age-depth
analyses have mostly been carried
out on ship track bathymetry from
regions such as the Paciﬁc plate,
which have little or no sedimentary
cover. We can enlarge this database
by including age-depth measure-
ments from older (> 60 Ma) oceanic
crust adjacent to continental margins
where sedimentary thicknesses are
signiﬁcantly larger. These additional
measurements help to constrain the
spatial variation of dynamic topogra-
phy on adjacent continents. Second,
the age-depth relationship has been
reanalyzed by Crosby et al. [2006] using a global database of ship track bathymetry. In contrast to earlier
studies, and as far as is practicable, these authors excised oceanic plateaux and regions of positive and
negative residual topography, using long-wavelength gravity anomalies as a proxy for dynamic support.
Consequently, their age-depth relationship is a more robust starting point for estimating residual depth
anomalies, provided crustal thickness is known. Previous age-depth syntheses tend to be biased toward
regions with negative dynamic topography and/or with anomalously thickened crust (Figure 4a). For exam-
ple, Parsons and Sclater [1977] deliberately maximized depth estimates for ages greater than 60 Ma in order
to demonstrate that oceanic plates do not subside by half-space cooling. In contrast, Stein and Stein [1992]
did not excise regions with thickened oceanic crust, which biases their age-depth estimates toward shal-
low values. For these reasons, neither of these popular age-depth compilations have been used to estimate
residual depths.
We have built a large database of seismic reﬂection and wide-angle proﬁles acquired by the hydrocarbon
industry and by the academic community (Appendix A). This database is concentrated along edges of pas-
sive continental margins in the Atlantic, Indian, and Southern Oceans. For completeness, we include proﬁles
from convergent margins, which fringe the Paciﬁc Ocean and elsewhere. Our principal concern is to show
that this database can be used in a transparent way to obtain accurate measurements of residual depth.
Our measurements have been augmented by reanalyzing residual depth along the mid-oceanic ridge sys-
tem and throughout the oceans where sedimentary thickness is negligible and where oceanic plateaux
are absent.
Our goal is to create a global map of residual depth based upon accurate spot measurements. The simplest
and quickest approach is to exploit published gridded databases of bathymetry, sediment thickness, and
crustal thickness [e.g., Smith and Sandwell, 1997; Divins, 2008; Bassin et al., 2000]. For example,Mu˙ller et al.
[2008] and Crosby and McKenzie [2009] use these grids to make maps of residual topography for the oceans.
Inevitably, these maps are poorly constrained in areas of thick sediment, and there is no discrimination
between depth anomalies caused by changes in crustal thickness and those caused by subplate processes.
On old oceanic ﬂoor, sedimentary and crustal thickness corrections are especially large and need to be care-
fully measured. Although global bathymetric grids are well constrained Smith and Sandwell [1997], digital
grids of sedimentary thickness are unreliable. A well-known digital sedimentary thickness grid has been
published by the National Geophysical Data Center [Divins, 2008]. This grid has signiﬁcant errors at conti-
nental margins, which arise from the requirement to interpolate between sparse measurements. At thickly
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sedimented passive margins, there are discrepancies of up to 3.5 km [Winterbourne et al., 2009]. Global grids
of crustal thickness also have variable resolution (e.g., CRUST 2.0) [Bassin et al., 2000].
2. Data Sources
Observational constraints are grouped into two categories (Table 1). The larger category consists of
two-dimensional deep seismic reﬂection proﬁles, which cross continental margins and terminate on oceanic
crust. They are mostly of excellent quality but an obvious drawback is that they are recorded in two-way
travel time. The smaller category consists of densely sampled and reversed seismic wide-angle proﬁles.
In both cases, two criteria are used to ensure that we are dealing with bona ﬁde oceanic ﬂoor. First, the
three-layer structure of oceanic crust is easily identiﬁable on modern seismic wide-angle and reﬂection
proﬁles (e.g., Figure 3). Second, we exploit a global database of crustal age determined from magnetic
anomalies [Mu˙ller et al., 2008]. Both criteria are conservatively applied at margins where it can be diﬃ-
cult to discriminate between thinned continental crust and oceanic crust. Crucially, seismic reﬂection and
wide-angle proﬁles intersect at 39 locations on oceanic crust. These intersections can be used to construct
an empirical relationship between two-way travel time and thickness for the sedimentary column, which
yields reliable isostatic corrections for sedimentary columns as thick as 10 km [Czarnota et al., 2013].
To augment these spot measurements, we exploited four additional sources of data. First, the global
mid-oceanic ridge system is an excellent “plumb line” for estimating residual depth, provided care is taken
to correct, where possible, for crustal thickness. Second, we collated ship track bathymetric measurements
from Smith and Sandwell [1997] which were corrected for sediment loading using the National Geophysical
Data Center (NGDC) sedimentary thickness grid [Divins, 2008]. We only included ship tracks where sedi-
ment thickness is less than 1500 m, and we carefully excised regions where thickened crust occurs. Third,
we extracted a small number of residual depth measurements from ﬂexed oceanic plates adjacent to sub-
duction zones. These values were corrected for ﬂexural bending using the results of Levitt and Sandwell’s
[1995] and Bry and White’s [2007] inverse modeling. Finally,Wheeler and White [2000] used a combination
of age-depth observations from multiple fragments of oceanic crust to estimate minimum residual depths
across Southeast Asia. We have included their results in our global compilation (Appendix A).
3. Methodology
Seismic reﬂection proﬁles are recorded in two-way travel time, t, and where wide-angle velocity control is
not available, we must convert two-way travel time to depth. The average acoustic velocity of the water
column is 1500 m s−1, but the average velocity of the sedimentary column, v̄(z), depends upon lithology
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vw = 1.5 km s−1 and vs = 5.5 km s−1 are the velocities of sea water and quartz grains, respectively. If we
assume that
𝜙 = 𝜙◦ exp(−z∕𝜆), (3)










{1 − exp(−z∕𝜆)} . (4)
Values of 𝜙◦ and 𝜆 depend upon lithology. Without borehole data, an empirical approach exploits a com-
pilation of 39 coincident seismic reﬂection and wide-angle proﬁles, where t and z are known (Figure 2a)
[Winterbourne et al., 2009; Czarnota et al., 2013]. This compilation was parameterized using equation (4) for
𝜙◦ = 0.56 and 𝜆 = 4.5 km. The average density of a sedimentary column on oceanic crust is
𝜌 = 𝜌s +
𝜙◦𝜆
z
(𝜌w − 𝜌s) {1 − exp(−z∕𝜆)} , (5)
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Table 1. Proﬁles Recorded in Two-Way Travel Time
Proﬁle Reference Longitude Latitude Tw , ms Ts, ms Tc , ms Age, Ma Zwl, m Zres, m
1 Stagg et al. [2004a] 114.81 −15.61 7378 846 2228 154 6242 −545
2 Carbotte et al. [2008] 231.93 47.78 3615 390 2024 3 2948 201
3 Carbotte et al. [2008] 229.59 48.29 3852 144 2125 4 3001 271
4 Stagg et al. [2004a] 108.53 −20.73 6632 416 2683 127 5637 −88
5 Proprietary data 110.74 −22.04 6734 1192 2260 129 6042 −467
5 Proprietary data 110.40 −22.53 6737 1427 2012 129 6070 −493
6 Ball [2005] 137.59 −38.87 6624 265 no data 41 5169 −395
7 Stagg et al. [2004a] 109.81 −17.40 7350 270 2764 127 6114 −561
7 Stagg et al. [2004a] 110.23 −17.68 7044 282 2841 146 5942 −261
8 Stagg et al. [2004a] 109.61 −18.00 7135 174 2843 127 5930 −384
9 Stagg et al. [2004a] 108.97 −18.54 7394 129 2809 127 6068 −523
10 Stagg et al. [2004a] 108.63 −19.02 7252 389 2398 125 5905 −384
11 Stagg et al. [2004a] 111.08 −17.21 6966 121 3194 153 5980 −285
11 Stagg et al. [2004a] 110.89 −17.61 6491 260 3554 153 5951 −256
12 Stagg et al. [2004a] 110.46 −16.28 7525 390 2406 145 6116 −439
13 Stagg et al. [2004a] 110.59 −16.80 7480 267 2523 151 6061 −370
14 Stagg et al. [2004a] 114.81 −15.50 7501 658 2283 154 6226 −529
15 Ball [2005] 132.24 −37.03 7363 690 no data 68 6045 −673
15 Ball [2005] 132.49 −37.52 7350 260 no data 54 5709 −659
16 Ball [2005] 129.48 −36.90 6483 613 no data 67 5327 13
17 Proprietary data 5.73 2.55 4034 3603 no data 100 5784 −318
17 Proprietary data 5.72 2.35 4323 3025 no data 99 5554 −82
18 Ball [2005] 131.47 −61.88 5970 2015 no data 54 6011 −950
18 Ball [2005] 131.50 −62.72 5778 2376 no data 73 6144 −654
19 Ball [2005] 139.85 −60.99 5900 967 no data 44 5159 −308
20 Proprietary data 5.12 3.16 3754 4040 no data 98 5913 −418
21 Proprietary data 313.28 3.04 3658 5300 1412 102 6372 −928
22 Proprietary data 6.43 2.22 4100 3249 no data 101 5559 −103
23 Carbotte et al. [2008] 231.68 46.49 3730 421 2027 2 3059 66
24 Coﬃn et al. [1986] 44.35 −2.15 5170 3074 no data 149 6226 −539
25 Coﬃn et al. [1986] 44.75 −2.42 5500 2823 1657 147 5989 −306
25 Coﬃn et al. [1986] 44.92 −2.54 5589 2749 1697 146 6025 −345
26 Coﬃn et al. [1986] 43.98 −3.21 5202 3161 1653 148 6023 −339
27 Carbotte et al. [2008] 230.69 44.75 3758 210 2113 2 2974 69
28 Carbotte et al. [2008] 228.72 45.23 4096 0 2104 5 3063 279
29 Proprietary data 126.98 79.58 4426 1695 no data 18 4609 −533
29 Proprietary data 128.36 79.69 4598 1635 no data 30 4692 −209
30 Proprietary data 128.95 79.41 4394 2071 no data 31 4873 −348
31 Proprietary data 130.52 78.80 3941 2707 no data 45 5021 −166
32 Coﬃn et al. [1986] 43.46 −5.13 5453 3023 1618 142 6083 −415
33 Proprietary data 341.19 13.94 4862 2417 no data 169 5489 225
34 Proprietary data 340.95 15.72 4308 2689 no data 163 5283 424
35 Proprietary data 341.12 18.89 3991 3269 no data 167 5493 219
36 Proprietary data 341.28 23.32 4303 3517 no data 168 5918 −205
37 Proprietary data 341.19 23.45 4244 3603 no data 167 5941 −229
38 Proprietary data 341.79 24.88 3892 2664 no data 166 4952 759
39 Proprietary data 341.65 25.61 4302 2090 no data 162 4818 889
40 Proprietary data 11.70 −11.75 4545 1781 no data 119 4764 691
41 Proprietary data 11.53 −12.89 4462 1979 no data 117 4854 587
44 Austin and Uchupi [1982] 11.88 −25.93 5250 2173 no data 122 5593 −105
45 Austin and Uchupi [1982] 10.58 −22.97 5215 2209 no data 118 5595 −150
46 Austin and Uchupi [1982] 13.20 −29.85 4327 2908 no data 124 5466 48
47 Austin and Uchupi [1982] 13.70 −31.10 4335 2790 no data 125 5381 145
48 Austin and Uchupi [1982] 13.85 −31.29 4340 2821 no data 125 5408 124
49 Austin and Uchupi[ 1982] 16.00 −33.95 5521 1665 no data 131 5407 185
51 Proprietary data 11.31 −12.56 4390 2348 no data 117 5083 356
52 Proprietary data 11.62 −12.88 4263 2378 1538 117 4648 791
53 Proprietary data 11.44 −12.15 4502 2199 no data 118 5052 389
54 Proprietary data 11.58 −12.32 4300 2381 no data 118 5040 404
55 Proprietary data 9.17 −6.14 4784 3960 1391 116 6163 −738
56 Proprietary data 9.58 −6.19 4662 4134 1381 117 6201 −762
57 Proprietary data 9.47 −6.42 4885 3808 1615 117 6260 −828
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Table 1. (continued)
Proﬁle Reference Longitude Latitude Tw , ms Ts, ms Tc , ms Age, Ma Zwl, m Zres, m
58 Proprietary data 10.16 −7.21 5098 3489 no data 119 6493 −1037
58 Proprietary data 10.26 −7.83 5321 2889 no data 119 6197 −740
59 Proprietary data 9.52 −6.69 4942 3758 no data 117 6585 −1153
60 Proprietary data 9.97 −6.91 4914 3725 no data 118 6538 −1088
61 Proprietary data 10.05 −6.82 4881 3661 no data 119 6464 −1011
62 Proprietary data 9.76 −6.76 4890 3784 no data 118 6565 −1124
63 Proprietary data 9.57 −6.73 4952 3740 no data 117 6578 −1145
64 Proprietary data 9.65 −7.28 5226 3309 no data 117 6450 −1016
65 Proprietary data 9.39 −6.77 5037 3687 no data 116 6601 −1174
66 Proprietary data 9.21 −6.76 5241 3051 no data 115 6263 −841
67 Proprietary data 10.27 −7.66 5323 3160 no data 119 6408 −949
68 Proprietary data 10.35 −7.96 5203 2907 no data 119 6122 −661
69 Proprietary data 10.35 −8.24 5371 2224 no data 119 5723 −264
70 Proprietary data 10.36 −8.56 5170 2602 no data 119 5863 −405
71 Proprietary data 10.38 −8.97 5475 2030 2080 119 5625 −167
72 Cunningham et al. [2002] 278.99 −68.05 5163 2003 no data 25 5398 −1073
73 Cunningham et al. [2002] 269.73 −69.68 5106 1862 no data 81 5246 354
74 Proprietary data 2.15 3.66 5467 3249 no data 94 6584 −1040
74 Proprietary data 2.80 3.19 5520 2769 no data 90 6254 −664
75 Proprietary data 3.16 3.45 5313 3053 no data 92 6318 −750
76 Cunningham et al. [2002] 270.95 −69.32 4891 1956 2183 34 5194 −580
77 Cunningham et al. [2002] 266.02 −69.47 4996 1959 1700 99 4977 496
77 Cunningham et al. [2002] 267.63 −69.49 5514 1746 1837 101 5287 163
78 Cunningham et al. [2002] 264.19 −69.44 5848 1997 1507 97 5525 −23
79 Cunningham et al. [2002] 263.19 −69.94 5715 2629 1709 98 6034 −546
80 Cunningham et al. [2002] 266.16 −69.79 4709 2352 1544 101 4965 488
81 Beslier et al. [1993] 346.97 40.66 7178 1451 no data 125 6487 −958
82 Bunce and Molnar [1977] 50.93 3.08 6478 820 no data 86 5481 130
82 Bunce and Molnar [1977] 51.42 2.25 6846 962 no data 61 5865 −661
83 Bunce and Molnar [1977] 51.38 3.90 6900 1473 no data 76 6295 −764
84 Proprietary data 8.11 0.76 3223 3139 no data 116 4816 609
85 Proprietary data 6.89 0.98 3819 3230 no data 107 5334 69
85 Proprietary data 7.54 0.30 3787 3086 no data 112 5198 206
86 Proprietary data 7.31 2.57 3399 3062 no data 104 4889 534
86 Proprietary data 7.43 2.44 3425 3124 no data 106 4956 454
86 Proprietary data 7.87 2.02 3359 3231 no data 113 4989 416
87 Proprietary data 7.33 2.57 3351 2752 no data 104 4614 807
87 Proprietary data 6.83 1.94 3975 2213 no data 105 4667 747
88 Canales et al. [2002] 265.62 2.69 3451 0 2106 1 2579 380
89 Canales et al. [2002] 268.39 2.28 3142 0 2448 1 2559 402
90 Proprietary data 312.93 3.57 3004 5697 no data 102 6643 −1207
91 Collier et al. [2009] 56.74 −3.17 5030 1001 1930 61 4415 782
92 Collier et al. [1998] 339.14 27.98 6260 1201 2774 135 6011 −381
93 Collier et al. [1998] 339.13 27.96 6231 1576 2559 135 6142 −512
94 Collier and Watts [2001] 344.41 29.79 4562 2512 no data 158 5337 364
95 Collier and Watts [2001] 344.46 28.67 4820 3194 no data 166 6057 −345
96 Collier and Watts [2001] 343.68 26.95 4766 3140 no data 167 5974 −263
97 Collier and Watts [2001] 343.52 27.51 4696 3033 no data 164 5840 −131
97 Collier and Watts [2001] 343.70 27.40 4664 3335 no data 165 6049 −338
98 Collier and Watts [2001] 343.18 27.08 4807 2801 no data 163 5744 −36
99 Collier and Watts [2001] 342.94 27.62 4781 2612 no data 160 5579 125
99 Collier and Watts [2001] 342.17 26.49 4778 1925 no data 161 5049 657
99 Collier and Watts [2001] 342.68 27.24 4842 2343 no data 160 5417 287
100 Cooper et al. [1992] 182.04 54.96 3803 4575 no data 68 6366 −996
100 Cooper et al. [1992] 183.76 55.86 3801 4125 no data 69 6014 −610
101 Proprietary data 85.38 15.84 3839 4700 1750 112 6250 −848
102 Proprietary data 86.60 16.14 3643 4485 2253 111 6247 −848
103 Proprietary data 86.76 16.50 3533 4677 2268 112 6323 −922
104 Proprietary data 86.71 17.74 3326 4769 2584 114 6434 −1022
104 Proprietary data 87.10 17.07 3360 5198 2064 112 6471 −1069
105 Proprietary data 87.30 17.73 3171 5677 1878 113 6589 −1184
105 Proprietary data 87.47 17.45 3213 5656 1880 112 6605 −1204
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Table 1. (continued)
Proﬁle Reference Longitude Latitude Tw , ms Ts, ms Tc , ms Age, Ma Zwl, m Zres, m
105 Proprietary data 87.67 17.12 3299 5480 2057 110 6642 −1243
106 Proprietary data 87.80 17.82 3068 5987 1839 111 6729 −1329
106 Proprietary data 88.14 17.20 3294 5524 2102 109 6699 −1301
107 Proprietary data 88.10 18.20 3023 6073 1923 111 6815 −1415
107 Proprietary data 88.59 17.24 3233 5422 2293 108 6693 −1293
108 Proprietary data 88.33 18.68 2802 6286 1863 111 6778 −1378
109 Proprietary data 89.13 18.86 2430 6185 3201 110 7246 −1848
110 Proprietary data 88.66 17.91 2901 5780 2716 109 6984 −1585
110 Proprietary data 87.43 17.26 3310 5581 1941 111 6656 −1256
110 Proprietary data 87.69 17.39 3218 5700 1964 111 6695 −1295
111 Proprietary data 86.86 16.86 3444 4864 2196 112 6357 −954
112 Proprietary data 81.91 13.68 4438 3854 1697 115 6012 −593
113 Unpublished 304.00 −56.63 4373 0 2100 7 3268 277
114 Unpublished 302.15 −56.23 5108 0 2100 10 3819 −138
114 Unpublished 302.72 −56.35 4374 0 2100 9 3268 352
115 Franke et al. [2007] 309.58 −36.98 5931 2802 2175 120 6617 −1155
116 Franke et al. [2007] 303.44 −47.01 6127 2714 1517 128 6290 −731
117 Franke et al. [2007] 303.17 −43.98 6248 2374 2267 131 6583 −990
118 Franke et al. [2007] 304.96 −42.96 6255 2478 2452 124 6782 −1266
119 Franke et al. [2007] 303.80 −42.23 6767 2058 2188 133 6682 −1074
120 Franke et al. [2007] 304.79 −41.65 6165 2697 2207 130 6731 −1152
121 Franke et al. [2007] 306.60 −39.83 6451 2351 1904 125 6494 −966
122 Franke et al. [2007] 307.05 −38.42 5557 3412 no data 130 6778 −1196
123 Gardner [1970] 153.74 −14.83 6096 1041 no data 53 5362 −341
124 Stagg et al. [2004b] 46.85 −61.73 6417 1470 no data 120 5930 −464
124 Stagg et al. [2004b] 46.79 −62.94 5461 2407 no data 125 5930 −403
125 Stagg et al. [2004b] 52.41 −63.46 6256 2202 1437 130 5945 −366
125 Stagg et al. [2004b] 52.52 −63.32 6366 2035 1465 129 5917 −345
126 Stagg et al. [2004b] 56.84 −63.42 6294 1661 no data 129 5983 −408
127 Stagg et al. [2004b] 63.71 −62.33 5827 1505 2305 128 5628 −70
127 Stagg et al. [2004b] 63.74 −63.09 5651 2019 2046 129 5728 −151
128 Stagg et al. [2004b] 67.22 −62.26 5831 1724 2242 129 5758 −191
128 Stagg et al. [2004b] 67.27 −63.24 5505 2203 2123 130 5806 −220
129 Stagg et al. [2004b] 70.51 −62.06 5499 1588 2755 127 5723 −167
129 Stagg et al. [2004b] 70.54 −63.11 5268 2298 2195 130 5746 −165
130 Stagg et al. [2004b] 73.94 −63.43 5175 2294 2626 130 5939 −361
131 Stagg et al. [2004b] 90.55 −62.05 5356 1686 2732 125 5676 −155
131 Stagg et al. [2004b] 91.27 −62.90 5144 2537 2156 126 5812 −274
132 Stagg et al. [2004b] 97.34 −62.40 5415 1803 2974 129 5959 −385
132 Stagg et al. [2004b] 97.35 −62.58 5300 1768 2968 130 5842 −261
133 Stagg et al. [2004b] 100.71 −61.74 5958 1808 2469 126 6058 −517
134 Stagg et al. [2004b] 117.47 −61.28 5775 1814 1919 40 5585 −835
135 Stagg et al. [2004b] 126.06 −61.78 5843 2171 no data 53 6036 −1015
135 Stagg et al. [2004b] 126.11 −62.55 5644 2408 no data 72 6069 −609
136 Stagg et al. [2004b] 132.54 −61.10 6100 1791 2080 43 5911 −1088
137 Stagg et al. [2004b] 147.33 −63.09 5288 726 no data 36 4516 145
138 Stagg et al. [2004b] 153.80 −64.39 4706 1120 2042 23 4330 −66
139 Stagg et al. [2004b] 141.81 −61.90 5681 1120 no data 45 5112 −250
140 Stagg et al. [2004b] 112.23 −61.22 5692 1539 no data 39 5439 −714
141 Stagg et al. [2004b] 107.25 61.59 5779 1122 no data 40 5186 −445
142 Stagg et al. [2004b] 91.85 −61.06 5686 2170 2155 125 5936 −413
142 Stagg et al. [2004b] 93.13 −61.86 5441 2537 2008 126 5942 −406
143 Stagg et al. [2004b] 92.76 −61.12 5720 2384 1992 124 6025 −507
144 Stagg et al. [2004b] 91.05 −61.53 5585 1919 2549 124 5912 −400
144 Stagg et al. [2004b] 92.65 −61.80 5550 2302 2266 126 6004 −470
145 Stagg et al. [2004b] 75.76 −63.19 5110 1966 2787 128 5739 −174
146 Stagg et al. [2004b] 72.11 −62.48 5362 1931 3061 127 6070 −517
146 Stagg et al. [2004b] 72.16 −63.34 5162 2419 2391 129 5880 −310
147 Stagg et al. [2004b] 68.71 −62.28 5638 1920 2004 129 5616 −45
147 Stagg et al. [2004b] 68.73 −63.21 5277 2445 1973 131 5728 −140
148 Stagg et al. [2004b] 65.59 −62.31 5870 1690 2377 128 5845 −282
148 Stagg et al. [2004b] 65.52 −63.18 5592 2079 2243 130 5851 −268
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Table 1. (continued)
Proﬁle Reference Longitude Latitude Tw , ms Ts, ms Tc , ms Age, Ma Zwl, m Zres, m
149 Stagg et al. [2004b] 61.66 −62.42 6109 1188 2537 128 5741 −175
149 Stagg et al. [2004b] 62.11 −63.08 5860 1752 2169 129 5757 −184
149 Stagg et al. [2004b] 62.52 −63.68 5375 2078 2712 132 5976 −379
150 Stagg et al. [2004b] 60.59 −63.67 6088 1566 2148 132 5772 −172
151 Stagg et al. [2004b] 41.09 −63.84 6517 1543 no data 124 6061 −546
152 Stagg et al. [2004b] 54.84 −62.33 6682 1532 1570 126 5835 −300
152 Stagg et al. [2004b] 53.36 −63.05 6475 1954 1481 128 5947 −389
155 Dean et al. [2000] 346.93 40.45 6957 1736 1968 125 6443 −921
156 Rebesco et al. [1996] 284.07 −66.75 4722 1483 no data 22 4669 −449
156 Rebesco et al. [1996] 282.45 −67.98 5016 1570 no data 24 4956 −668
156 Rebesco et al. [1996] 282.80 −67.72 4583 1874 no data 22 4864 −629
157 Proprietary data 42.94 −4.64 5226 3133 1593 145 5983 −305
158 Proprietary data 43.46 −3.40 5026 3378 1640 150 6050 −361
159 Lau et al. [2006] 313.11 43.50 5873 2369 2090 123 6189 −687
160 Lau et al. [2006] 314.40 44.76 5202 2108 no data 120 5507 −41
161 Lau et al. [2006] 314.28 44.59 5259 1671 no data 120 5215 255
162 Lau et al. [2006] 313.96 44.23 5710 1766 1451 122 5211 274
163 Lucazeau et al. [2008] 54.27 16.23 3640 1018 no data 21 3503 694
164 McBride et al. [1994] 337.08 24.07 6432 1293 no data 138 5806 −157
165 McBride et al. [1994] 336.96 24.14 6537 1331 1256 137 5380 263
166 McBride et al. [1994] 337.06 24.08 6421 1083 no data 138 5638 11
167 McBride et al. [1994] 337.19 24.02 6700 1165 no data 139 5909 −254
167 McBride et al. [1994] 337.52 23.95 6749 1248 no data 143 6009 −339
168 Proprietary data 46.51 −13.06 4570 2842 2074 152 5564 128
169 Proprietary data 45.68 −13.79 4555 3208 2461 151 6074 −382
170 Proprietary data 44.87 −13.73 4680 3141 2082 147 5882 −199
171 Proprietary data 44.16 −13.94 4672 3122 2192 148 5929 −244
172 Proprietary data 50.45 −11.56 5264 889 no data 94 4622 919
173 Miles et al. [1998] 64.44 15.13 3383 3665 no data 55 5343 −263
174 Miles et al. [1998] 63.95 15.02 3487 3113 no data 55 4995 76
175 Miles et al. [1998] 65.07 15.04 3785 2820 no data 55 4992 89
177 Thinon et al. [2003] 352.22 46.04 6482 1794 1428 94 5798 −258
177 Thinon et al. [2003] 352.58 46.45 6373 3367 40 100 6064 −601
178 Ranero et al. [2003] 254.58 16.09 3794 0 1865 0 2688 −50
179 Ranero et al. [2003] 273.69 10.18 5331 480 no data 23 4362 −84
180 Ranero et al. [2003] 273.43 10.41 5512 593 1618 25 4273 60
181 Ranero et al. [1997] 152.64 36.40 7749 340 2234 136 6140 −509
182 Ranero et al. [1997] 150.65 40.41 7062 484 2178 127 5699 −145
183 Ranero et al. [1997] 150.96 39.74 7143 486 2053 129 5684 −116
184 Rodger et al. [2006] 313.38 5.39 4749 3262 no data 81 6056 −454
185 Geoscience Australia [2008] 113.73 −32.41 5862 1059 2176 126 5234 303
187 Sage et al. [2000] 357.24 2.91 6658 1802 no data 80 6365 −778
188 Ball [2005] 140.75 −61.53 5809 826 no data 51 4983 7
189 Proprietary data 56.45 −2.92 5665 873 1446 61 4494 709
190 Proprietary data 56.27 −3.21 5288 943 1735 61 4444 771
191 Hopper et al. [2003] 322.40 62.71 2788 1414 4344 52 4538 470
191 Hopper et al. [2003] 322.77 62.59 2886 1318 3943 51 4291 698
191 Hopper et al. [2003] 323.69 62.29 3459 1195 3273 49 4213 729
192 Proprietary data 66.92 19.93 4384 2665 1901 79 5182 399
193 Proprietary data 321.86 −22.01 4675 1967 2149 113 5019 386
194 Proprietary data 321.98 −22.14 4649 1940 no data 112 4963 441
195 Proprietary data 314.31 −28.15 3696 3632 no data 119 5553 −93
196 Proprietary data 313.99 −28.20 3436 3886 no data 119 5554 −94
197 Proprietary data 314.15 −28.16 3595 3677 2589 119 5793 −335
198 Proprietary data 314.36 −27.90 3563 3694 2713 119 5859 −398
199 Proprietary data 314.32 −27.36 2984 3856 3042 120 5753 −290
199 Proprietary data 314.52 −27.71 3496 3978 2023 119 5603 −144
200 Proprietary data 314.41 −27.36 3135 3970 no data 119 5394 67
200 Proprietary data 314.69 −27.83 3831 3679 no data 118 5690 −241
201 Proprietary data 314.77 −27.34 3467 3944 no data 119 5623 −167
201 Proprietary data 314.93 −27.62 3693 3908 no data 118 5764 −314
202 Proprietary data 321.40 −22.48 4218 2008 2143 114 4705 706
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Table 1. (continued)
Proﬁle Reference Longitude Latitude Tw , ms Ts, ms Tc , ms Age, Ma Zwl, m Zres, m
202 Proprietary data 321.64 −22.58 4447 2078 2144 112 4930 474
203 Proprietary data 321.60 −22.41 4454 2160 no data 113 4986 421
203 Proprietary data 321.90 −22.52 4938 1424 no data 112 4786 616
204 Proprietary data 321.84 −22.26 4534 1992 2119 112 4914 489
205 Proprietary data 321.74 −22.07 4595 1716 no data 113 4751 657
206 Proprietary data 321.76 −21.96 4612 1858 2453 113 5077 332
207 Proprietary data 321.75 −21.84 4644 2041 2302 114 5147 264
208 Proprietary data 321.77 −21.77 4684 1963 2352 114 5148 263
209 Proprietary data 321.77 −21.61 4715 1954 2262 114 5109 303
210 Proprietary data 321.82 −21.52 4724 2150 2226 114 5244 167
211 Proprietary data 321.57 −21.73 4487 2111 2537 115 5229 191
212 Proprietary data 321.76 −21.68 4646 1958 2473 114 5191 220
213 Proprietary data 321.83 −21.90 4663 1938 2315 113 5091 317
214 Thinon et al. [2003] 352.44 45.57 6428 1386 no data 88 5874 −271
214 Thinon et al. [2003] 352.81 46.13 6210 2283 no data 96 6397 −887
215 Tsuji et al. [2007] 146.83 27.15 7375 516 2245 148 5999 −315
215 Tsuji et al. [2007] 147.85 27.07 7736 360 1999 150 6000 −311
216 Tsuji et al. [2007] 146.14 25.18 7510 1006 1910 147 6265 −582
217 Tsuji et al. [2007] 147.12 27.59 7557 453 2029 148 5955 −270
217 Tsuji et al. [2007] 147.07 27.16 7362 393 2408 148 5998 −312
218 Tucholke et al. [2007] 347.36 40.85 6959 1542 no data 129 6391 −824
221 Proprietary data 42.97 −8.25 5005 2789 2012 122 5811 −318
222 Proprietary data 43.31 −7.38 5324 2216 2099 129 5666 −96
223 Proprietary data 43.67 −4.71 5623 2519 1615 144 5823 −148
224 Proprietary data 68.06 18.25 4453 2625 1637 78 5041 528
226 Proprietary data 70.61 15.20 5173 1452 2097 59 4968 187
227 Moulin et al. [2005] 10.18 −8.05 5411 2650 1877 119 5926 −474
where 𝜌w = 1 Mg m−3 and 𝜌s = 2.65 Mg m−3 are the densities of water and solid sediment, respectively.
To determine the water-loaded subsidence of oceanic ﬂoor, a sedimentary column is replaced with an






z + dw, (6)
Figure 2. Detailed line drawings of seismic reﬂection proﬁles from old, thickly sedimented oceanic crust that abuts
continental margins. S = seabed; B = sediment-basement interface; M = base of crust (Moho). Internal layering of sed-
imentary column and structure of oceanic crust are shown. (a) Oﬀshore Brazilian margin: thin sediment and average
crustal thickness; (b) oﬀshore Angolan margin: thick sediment and anomalously thin crust; (c) oﬀshore East Indian
margin: very thick sediment and average crustal thickness; (d) oﬀshore Seychelles Islands: thin sediment and thin crust.
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Figure 3. (a) Empirical relationship between two-way travel time and
depth for sedimentary columns beneath the oceans. Crosses = measure-
ments from global data set of coincident seismic reﬂection and wide-angle
surveys [see Winterbourne et al., 2009, Table 2]; solid line = best ﬁtting
relationship, which assumes that acoustic velocity is function of sediment
porosity; dashed lines = error bounds [Winterbourne et al., 2009]; gray band
= relationship of Tucholke et al. [1982]. (b) Variation of density as func-
tion of two-way travel time derived using values of initial porosity and
compaction decay length estimated from Figure 3a.
where 𝜌a = 3.2 Mg m−3 is the density
of the asthenosphere. If crustal thick-
ness diﬀers from the global average
of 7.1 km [White et al., 1992], a smaller







(tc − 7.1), (7)
where tc and 𝜌c = 2.8 Mg m−3 are the
measured thickness of oceanic crust
and its density.
Four interpreted images of oceanic
crust are shown in Figure 2. We use
these examples to illustrate the
importance of accurately correcting
for sediment and crustal loading. For
example, the Brazilian and Angolan
margins have near-identical water
depths of 3.4 km. Using the rela-
tionships shown in Figure 3, we ﬁnd
that the sedimentary thicknesses
and average densities are 2.5 ± 0.25
km and 2.0 Mg m−3 for Brazil and
6±0.3 km and 2.2 Mgm−3 for Angola.
These values yield water-loaded sub-
sidence values of 4.8 ± 0.14 and
6.1 ± 0.14 km, respectively. The
average crustal thickness beneath
the Brazilian margin is 8.4 km and
beneath the Angolan margin is 5.0
km. This diﬀerence yields isostatic
corrections of +0.3 and −0.4 km,
respectively. The water-loaded subsi-
dence at each margin is 5.1 ± 0.2 and
5.7±0.2 km. Similarly, oﬀshore Eastern India has a shallower water depth of 2.3 km but its water-loaded sub-
sidence is nearly 7 km. The size of these corrections emphasizes the importance of accurate measurements
of sedimentary and crustal thicknesses.
In Figure 4a, the residual depth is the vertical distance from the calculated water-loaded subsidence to the
age-depth relationship. Oﬀshore Brazil has a small residual depth of +0.25 km, whereas oﬀshore Angola
has a residual depth of −0.8 km. Eastern India has the largest negative residual depth of −1.4 km, and the
Seychelles is +0.5 km. By carefully propagating uncertainties at each stage of these calculations, Czarnota
et al. [2013] showed that residual depth measurements are well resolved with typical uncertainties of
±100 m. These uncertainties grow with increasing sedimentary thickness. Our measurements of
water-loaded subsidence are shown in Figure 4b. Residual depth anomalies exist for plate ages of 0 to
180 Ma, and their amplitudes rarely exceed ±1 km. We infer that the amplitude of dynamic topography
in the strict sense is some fraction of this range of amplitudes.
4. Spatial Distribution of Residual Topography
Residual depth measurements, averaged over 2◦ × 2◦ cells (10◦ × 2◦ above 82◦N and below 82◦S), were
used to construct a set of global maps (Figure 5). These maps were augmented with residual depth mea-
surements from a 5 Ma wide strip along active and fossil mid-oceanic ridges, not all of which were analyzed
byMu˙ller et al. [2008]. We also included a carefully chosen network of ship track bathymetric proﬁles where
sediment thickness is less than 1500 m. Oceanic plateaux and other areas with thickened oceanic crust were
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Figure 4. Age-depth relationships. (a) Gray circles, error bars, and thin
black line = age-depth relationship from Crosby et al. [2006]; solid circles
labeled a–d = water-loaded subsidence of oceanic crust determined from
seismic reﬂection proﬁles shown in Figure 2; gray line = age-depth relation-
ship of Parsons and Sclater [1977]; dashed line = age-depth relationship of
Stein and Stein [1992]. In each case, vertical distance from age-depth curve
is residual depth anomaly (i.e., dynamical topography). (b) Measurements
of 449 of water-loaded subsidence of oceanic crust.
excised by eye, following the poly-
gons of Crosby and McKenzie [2009].
In the North Atlantic Ocean, we have
corrected for thickened crust in the
vicinity of the Icelandic plume [Jones
et al., 2002].
Many well-known features are visible
on these maps. The Northern Hemi-
sphere is dominated by the Icelandic
plume, which has a positive residual
topography of 1–2 km. It reaches from
Baﬃn Bay to western Norway, and
from north of the Azores to Svalbard.
South of Iceland, residual topography
is asymmetric: the Iceland basin to
the west has a larger residual depth
anomaly than the Irminger basin to
the east. The northernmost part of
Baﬃn Bay and the bulk of the Arctic
Ocean, including the Gakkel Ridge
and the Beaufort Sea, have negative
residual topographic anomalies. Sub-
stantial anomalies occur in the Gulf of
Mexico, in the southern Caspian Sea,
and in the Red Sea.
In the Southern Hemisphere, promi-
nent residual depth anomalies occur
in the Argentine abyssal plain, in
the Paciﬁc and Southern Oceans, in
Southeast Asia, and between Aus-
tralia and Antarctica. Hayes [1988]
andMarty and Cazenave [1989] both
showed that the Argentine abyssal
plain is anomalously deep given its
plate age. Hohertz and Carlson [1998] suggested that this anomaly invalidated the plate-cooling model. It is
more likely that this region is convectively drawn downward.
Nyblade and Robinson [1994] showed that a region encompassing subequatorial Africa and a large por-
tion of oceanic ﬂoor is anomalously elevated by 500 m. Our measurements conﬁrm the existence of this
Southern Ocean superswell but reveal that it has an irregular outline with short-wavelength excursions. For
example, there is a shorter-wavelength variation of residual depth along the West African coastline, which
intersects the coastline [Al-Hajri et al., 2009]. Oﬀ southern Africa, Madagascar perches on the northwest edge
of a protruding tongue of positive residual topography, which might account for its asymmetric physiogra-
phy [Roberts et al., 2012]. Further north, the East Somali basin is drawn down by ∼350 m. The west coast of
India has positive residual topography, but the east coast has a large negative residual anomaly [Becker and
Faccenna, 2011]. This steep gradient may account for the asymmetric topography of the subcontinent which
is probably of Neogene age.
Between Australia and Antarctica, there is excellent evidence for large-scale negative residual topogra-
phy, and it has been previously suggested that this Australian-Antarctic Discordance is supported by cold
downwelling mantle [see Holmes et al., 2010, and references therein].Whittaker et al. [2010] used the same
set of conjugate reﬂection proﬁles to estimate residual topography along the margins of South Australia
and Antarctica. Their sedimentary correction diﬀers from that exploited here, they do not explicitly correct
for crustal thickness, and they used a diﬀerent age-depth relationship. Nonetheless, there are important
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similarities. The most signiﬁcant diﬀerence is that our residual depth anomalies on the Antarctic margin
are larger.
Negative residual depth anomalies occur throughout southeast Asia, stretching from the northern mar-
gin of Australia to the Sea of Okhotsk and from the Andaman Sea to the Marianas Arc. These anomalies
were mainly determined by analyzing the age-depth relationships of numerous fragments of oceanic crust
[Wheeler and White, 2000]. The average residual depth is −500 m. Observations from Southeast Asia are of
particular importance since most dynamic models predict that this region is the largest drawn-down region
on Earth [e.g., Flament et al., 2013].
5. Transects and Correlations
It is helpful to examine empirically the correlation between global residual depth anomalies, free-air grav-
ity anomalies, and seismic tomographic models. The quality of these correlations enables us to assess the
extent to which present-day residual depth anomalies are generated by convective circulation beneath
the lithospheric plate. Long-wavelength (i.e., 800–2000 km) free-air gravity anomalies can be regarded as
a crude proxy for subplate density anomalies. Shorter-wavelengths caused by ﬂexural and edge eﬀects
at plate boundaries and continental margins have been removed. Longer wavelengths, which reﬂect the
geoid, are also not considered here. In the oceans, dynamic topography in a broad sense can be estimated
from these anomalies for an admittance value, z = 30± 10 mgal km−1, which is appropriate for wavelengths
of greater than 800 km [e.g., Crosby et al., 2006; Crosby and McKenzie, 2009]. Separately, surface wave and
body wave tomographic models reveal the spatial pattern of velocity anomalies within the mantle which
can be interpreted as temperature and density anomalies. By examining empirical correlations between
these diﬀerent data sets, we are ignoring the less tractable problem of how convective ﬂow deforms the
Earth’s surface [Flament et al., 2013].
In Figures 6–9, four transects are shown, along which residual depth, gravity, and tomographic anomalies
can be compared. We have chosen vertical slices through the S40RTS tomographic model of Ritsema et
al. [2011]. Similar results have been obtained using other global tomographic models (e.g., TXBW) [Grand,
2002]. The ﬁrst transect runs north-south along the oldest oceanic ﬂoor on the western side of the Atlantic
Ocean. There are 47 measurements of residual depth along this transect with amplitudes which range from
+1 to −1.5 km. The steepest gradients (1:1000) occur across the Falkland Plateau and across the Nova Scotia
margin. The middle portion of this transect is dominated by negative residual depths. Correlation between
residual depth measurements and dynamic topography estimated from long-wavelength gravity anomalies
is good, especially within the Argentine abyssal plain and within the Scotia Sea. The relationship between
residual depth and tomographic anomalies is less clear. The best correlation occurs at the southern end
of the transect where upper mantle velocities change from fast to slow from the Argentine abyssal plain
toward the Scotia Sea. A steep gradient in residual depth from Nova Scotia to the Labrador Sea is matched
by a similar pair of velocity anomalies in the middle of the upper mantle.
The second transect crosses remnants of oceanic lithosphere along the Tethyan collisional belt from the
northwest shelf of Australia to oﬀshore Newfoundland (Figure 7). Along this transect, residual topography
Figure 5. Global map of residual depth centered on Africa (Hammer Equal Area projection). Red colors = nega-
tive (i.e., shallow) residual depth; blue colors = positive (i.e., deep) residual depth. Filled circles = locations where
sedimentary and crustal thicknesses are known with high degree of conﬁdence and residual depth is accurate;
upward pointing triangles = locations where regional evidence suggests that crustal thickness is thinner than
average, which gives lower limit for residual depth; downward pointing triangles = locations where regional evi-
dence suggests that crustal thickness is thicker than average, which gives upper limit for residual depth. Circles
and triangles of 449 are spatially averaged onto 2◦ grid (at latitudes > 82◦, they are averaged onto 2◦ latitude by
10◦ longitude grid). Network of irregular strips outlined in black = residual depth of active and fossil mid-oceanic
ridge system; ﬁligree (or spider’s web) of ship tracks = residual depth of selected bathymetric proﬁles of Smith and
Sandwell [1997] (areas of thick sediment and known oceanic plateaux were excised). Crustal thickness of 7.1 km was
used in absence of independent constraints, a sediment thickness correction was applied using NGDC grid [Divins,
2008], and a depth-age correction was applied using oceanic age grid of Mu˙ller et al. [2008]. Red, black, and blue
contours = positive, zero, and negative contours of ﬁltered Gravity Recovery and Climate Experiment (GRACE) grav-
ity anomaly [Tapley et al., 2005] plotted every 20 mGal (∼1 km of dynamic topography). Global map of residual
depth centered on Paciﬁc Ocean (see previous page for details). Polar projections of residual depth (see previous page
for details).
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Figure 6. (a) Traverse, A-A′, showing variation of residual depth of oceanic crust from Baﬃn Bay to Antarctic Peninsula
(Hammer Equal Area projection). Colored circles = estimates of residual depth made from oceanic crust (see Figures 5–7
and text); colored/open triangles and inverted triangles = lower and upper limits of residual depth; open circles and
triangles = other estimates of residual depth. Note scale at bottom right-hand side. (b) Residual depth plotted as func-
tion of distance along A-A′. Circles and triangles as above; black line with gray band = residual depth predicted from
long-wavelength free-air gravity anomaly, assuming Z = 20–40 mGal/km. (c) Vertical slice from S40RTS seismic tomo-
graphic model of Ritsema et al. [2011]. Note scale at bottom left-hand side. Horizontal line = 670 km discontinuity. Gray
band marks top 100 km (i.e., lithosphere).
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Figure 7. (a) Traverse, A-A′, showing variation of residual depth for oceanic crustal fragments from Northwestern
Australia to East coast of North America (Hammer Equal Area projection). See Figure 6 for details. (b) Residual plotted as
function of distance along A-A′ . (c) Vertical slice from S40RTS seismic tomographic model.
varies dramatically on wavelengths as short as 500–1000 km. The steepest gradient occurs at the center
of the transect between the Red Sea, which has a residual anomaly of almost +2 km and the east Mediter-
ranean Sea which a residual anomaly of −2 km. There is also a large diﬀerence between the Iberian and
Newfoundland margins. The positive residual depth anomaly associated with the Azorean plume is clearly
visible between eastern North America and Iberia. As before, correlation between residual depth measure-
ments and gravity anomalies is good, although it breaks down in the Indian Ocean. The Azorean plume, the
Red Sea and western India are all associated with positive long-wavelength gravity anomalies, whereas the
east coast of North America, the eastern Mediterranean Sea, and the northwest shelf of Australia have nega-
tive residual depths and gravity anomalies. Some of these anomalies are matched by upper mantle velocity
anomalies. For example, there is a signiﬁcant slow velocity anomaly associated with the Azorean plume. A
slow velocity anomaly also occurs beneath the Red Sea.
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Figure 8. (a) Traverse, A-A′, encircling Africa which shows variation of residual depth for oceanic crust (Hammer Equal
Area projection). See Figure 8 for details. (b) Residual depth plotted as function of distance along A-A′. (c) Vertical slice
from S40RTS seismic tomographic model.
The third transect encircles the African continent (Figure 8). The best resolved portion of this transect is
along the West African coastline where the oldest oceanic crust has well-resolved residual depth anoma-
lies which vary between ±1 km with a wavelength of ∼1800 km. Two prominent highs occur, the Bié Dome,
which straddles the Angolan continental margin, and the Cameroon Line, which follows a chain of Cenozoic
volcanism. Along the Mediterranean coastline, residual depth is increasingly negative, reaching −2 km in
the eastern Mediterranean Sea. These variations are closely matched by long-wavelength gravity anoma-
lies. The correlation between seismic tomographic anomalies and residual depth measurements is less clear.
The most striking discrepancy occurs along the west coast of Africa where existing tomographic models
do not resolve short-period variations. However, regional surface wave tomographic models do suggest
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Figure 9. (a) Traverse, A-A′, encircling Antarctica which shows variation of residual depth for oceanic crust (Hammer
Equal Area projection). See Figure 8 for details. (b) Residual depth plotted as function of distance along A-A′. (c) Vertical
slice from S40RTS seismic tomographic model.
that the Bié dome and the Cameroon Line are underlain by slow velocity anomalies [Al-Hajri et al., 2009;
Fishwick, 2010].
A ﬁnal transect encircles Antarctica (Figure 9). Away from the Ross Sea area, the fringes of this continent are
dominated by negative residual depth anomalies. Long-wavelength gravity anomalies match these mea-
surements reasonably well. The Australian-Antarctic Discordance has a prominent fast velocity anomaly
within the top of the upper mantle. This anomaly disappears toward Adelje Land and is replaced by a large
slow anomaly which ﬁlls the upper mantle and coincides with positive residual depth measurements.
Further west, a thin layer of slow velocity anomalies within the upper mantle match positive residual depth
measurements beneath the Scotia Sea.
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Figure 10. Relationships between spot measurements of residual topography where crustal thickness is known,
free-air gravity anomalies and seismic tomographic anomalies. (a) Correlation between residual topography and
long-wavelength free-air gravity anomalies (250 points). Optimal band-pass ﬁlter for gravity data is 700–12,400 km. (b)
Correlation between residual topography measured from ship track bathymetry and long-wavelength gravity anomalies
(1287 points). (c) Correlation between shear velocity anomalies averaged over upper mantle (100–675 km) and spot mea-
surements of residual topography (250 points). (d) Correlation between shear velocity anomalies averaged over lower
mantle (675–2850 km) and spot measurements of residual topography (250 points). (e) Correlation between shear veloc-
ity anomalies averaged over whole mantle (100–2850 km) and spot measurements of residual topography (250 points).
(f ) Correlation between shear velocity anomalies averaged over whole mantle and long-wavelength gravity anomalies
(703 points).
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Figure 11. Residual depth measurements as function of plate age. (a) Gray circles, error bars and black line = age-depth
relationship from Crosby et al. [2006]; red and blue circles and triangles = 449 global measurements of water-loaded sub-
sidence of oceanic crust where color indicates amplitude of long-wavelength free-air gravity anomaly (see Figures 5–7).
(b) As before but color indicates amplitude of shear velocity anomaly averaged over upper mantle (100–675 km). (c) As
before but color indicates amplitude of shear velocity anomaly averaged over lower mantle (675–2850 km). (d) As before
but color indicates amplitude of shear velocity anomaly averaged over whole mantle (100–2850 km).
A more formal analysis of the correlation between residual depth, gravity anomalies, and seismic tomo-
graphic models is presented in Figure 10. The strongest correlation is between a subset of 250 spot
measurements of residual topography, for which sedimentary and crustal corrections can both be accu-
rately determined, and gravity anomalies (Figure 10a). The correlation coeﬃcient is 0.6 and the slope (i.e.,
the admittance) is Z = 22 mgal km−1. This relationship suggests that many residual depth anomalies could
be produced within the uppermost mantle [e.g., Crosby and McKenzie, 2009]. The quality of correlation is
degraded when 1287 residual depth anomalies estimated from ship track bathymetric data are used instead
(Figure 10b). In this case, the correlation coeﬃcient decreases to 0.3, which suggests that residual measure-
ments, for which sedimentary and crustal corrections are not accurately determined, should be treated with
appropriate caution.
Correlations between residual depth measurements and velocity anomalies from the S40RTS tomographic
model are shown in Figures 10c and 10d. In each case, we calculated the average velocity anomaly over
a particular depth range (e.g., asthenosphere, upper mantle, and lower mantle). This empirical approach
sidesteps the complicated and unresolved problem of converting velocities into densities or temperatures.
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Figure 12. Predicted residual depth using linear relationships from Figures 10a and 10e (Hammer Equal Area projection). (a) Residual depth calculated from
long-wavelength gravity anomalies using ΔDg = 0.046 g + 0.092. Red colors = negative (i.e., shallow) residual depth; blue colors = positive (i.e., deep) residual
depth. Filled circles and triangles = locations of accurate measurements of residual depth. r = 0.6. (b) Predicted residual depth from S40RTS shear velocity anoma-
lies averaged between 150 and 250 km using ΔDv = −0.66ΔVs−0.23. r = 0.4. (c) Predicted residual depth variation for upper mantle using ΔDv = −0.96ΔVs−0.12.
r = 0.1. (d) Predicted residual depth variation for lower mantle using ΔDv = −2.79ΔVs − 0.22. r = 0.4.
Vobss (Z) and V
ref
s (Z) are the observed and reference shear velocities at a depth Z km, respectively. For a depth
range of Zmin − Zmax km sampled at intervals of Zint km, Z is given by






The correlation coeﬃcients are −0.5 and −0.4 for the whole mantle and the upper mantle, respectively.
There is almost no correlation between velocities, averaged over any portion of the mantle, and gravity
anomalies (Figure 10f ).
In Figure 11, the relationship between residual depth measurements and the sign of gravity and average
velocity anomalies is shown as a function of plate age. For long-wavelength gravity anomalies, ∼80% of spot
measurements have the correct sign, which suggests that these anomalies are a reasonable proxy for the
distribution of residual topography within the oceanic realm. For average velocity anomalies integrated over
the upper, lower, and whole mantle, ∼60% of the spot measurements have the correct sign.
We examined the empirical correlation between residual depth measurements and several other global
and regional tomographic models [e.g., Grand, 2002; Li et al., 2008; Fishwick, 2010]. Grand’s [2002] TXBW
model, which incorporates Swave and higher-order Swave arrivals, has a whole mantle correlation of−0.50.
The Li et al. [2008] model, which only uses P wave arrivals, has a correlation coeﬃcient of −0.1. Finally, we
examined the correlation between the regional surface wave tomographic model of Fishwick [2010], which
encompasses Africa. If shear velocities are averaged for a layer between 125 and 225 km depth, the cor-
relation coeﬃcient is −0.4 and for a horizontal slice at 175 km this value increases to −0.5. The equivalent
correlation coeﬃcients for the S40RTS model at these depths are −0.2 and −0.5, respectively. We conclude
that the highest correlation coeﬃcients are obtained for the S40RTS tomographic model.
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Figure 13. (a) Correlation coeﬃcient between residual depth measure-
ments and velocity anomalies as function of depth. Solid line = S40RTS;
dashed line = TXBW. (b) Gradient of best ﬁtting line, which ﬁts residual
depth measurements and velocity anomalies as function of depth. (c)
Product of correlation coeﬃcient and best ﬁtting gradient as function
of depth.
In Figure 12, the spatial variation
of these proxies, which are scaled
against our measurements of resid-
ual depth using the relationships
in Figure 10, are presented. For the
long-wavelength gravity ﬁeld, we
assumed ΔDg = 0.05Δg + 0.1 to con-
struct a global variation of residual
depth (Figure 12a). As expected, spot
measurements of residual depth are
broadly in agreement. The best match
is along the West African and South
American margins. Large discrepan-
cies occur at the Australian-Antarctic
Discordance and along the west coast
of India. Elsewhere, the calibrated
gravity ﬁeld appears to be a rea-
sonable proxy for residual depth. A
similar style of calibration was applied
to velocity anomalies averaged over
diﬀerent depth ranges from the
S40RTS model (Figures 12b–12d).
Figure 13 summarizes the way in
which residual depth measurements
and velocity anomalies correlate as
a function of depth. These empir-
ical predictions adequately match
spot measurements of residual depth.
However, there are important dif-
ferences. Notably, short-wavelength
variations of residual depth along the
West African coastline are matched
by gravity anomalies, but they are
not resolved by the S40RTS model. Such discrepancies emphasize the diﬃculties faced when constructing
geodynamical predictions from tomographic models.
6. Discussion
The global pattern of residual depth presented here diﬀers in signiﬁcant ways from previously published
work [e.g.,Mu˙ller et al., 2008; Crosby and McKenzie, 2009; Flament et al., 2013]. It is useful to compare our dis-
tribution with Figure 1 of Flament et al. [2013] which summarizes four diﬀerent residual topographic ﬁelds.
The main diﬀerences are primarily along continental margins since our database of seismic reﬂection and
wide-angle proﬁles is concentrated along the oldest oceanic ﬂoor. For example, around the African coast-
line, we have accurately resolved the amplitude and wavelength of residual depth. Since these residual
depth anomalies intersect the coastline, they provide important constraints for the onshore distribution of
residual topography which is harder to measure [Al-Hajri et al., 2009]. Along the eastern margin of the North
and South America, the extent of negative residual topography is much greater than previously thought.
Many other small but signiﬁcant diﬀerences occur.
Our intention is to build a database of accurate residual depth measurements. Consequently, gaps and omis-
sions are important features of the global maps presented here. We have carefully and deliberately excised
regions where residual depth is either uncertain or unknown. Most of these regions comprise either thick-
ened oceanic crust where wide-angle constraints are not available, or thickly sedimented margins where
deep seismic reﬂection proﬁles are not yet available. In future, we hope to be able to seed these regions
with measurements.
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Our results have important implications. Considerable eﬀort has been put into building sophisticated geo-
dynamical models, which predict dynamic topography from the density distribution within the convecting
mantle [e.g., Flament et al., 2013]. Convenient starting points for density distribution are either slab-based
descriptions based upon a history of subduction or density anomalies calculated from seismic tomographic
models. Predicted dynamic topography is strongly dependent upon the assumed viscosity of the mantle.
The global pattern of residual topography is a useful test of published models which diﬀer from each other
in important ways. A set of typical models are shown in Figure 4 of Flament et al. [2013]. Three of these mod-
els predict that present-day dynamic topography varies with an amplitude of about ±2000 m [Flament et al.,
2013; Steinberger, 2007; Spasojevic and Gurnis, 2012]. In contrast, Ricard et al. [1993] and Conrad and Husson
[2009] have ranges of −1600 to +600 m and −1550 to +1450 m. All ﬁve models share a number of impor-
tant features. First, they are dominated by a series of very long wavelength swells and depressions, notably
the Southern Ocean and Paciﬁc Ocean superswells, which are separated by drawn-down regions centered
on Southeast Asia and South America.
The most signiﬁcant discrepancy between observed and predicted dynamic topography occurs in South-
east Asia. Here a region of ∼2 km of dynamic drawdown, which stretches from the Northeast Shelf of
Australia to the South China Sea, and from the east coast of India to the Marianas Trench, is a feature of most
predictive models. Although this region is dominated by negative residual depth anomalies, the average
amplitude is about −500 m and important short-wavelength variation exists. In the center of this region,
there is geologic evidence that Borneo has been rapidly uplifted in Neogene times (C. Meehan, written
communication, 2012).
In the North Atlantic Ocean, Conrad et al. [2004] used the S20RTS and TXBW tomographic models to pre-
dict dynamic topography generated by the Icelandic and Azorean plumes. Once again, there are important
discrepancies between predicted and observed dynamic topography. For example, Figure 5 shows that
residual depth is asymmetrically distributed on either side of the Reykjanes Ridge south of Iceland with
greater positive residual topography on the European plate. Predictive models usually have the opposite
sense of asymmetry. Further south, the position of the Azorean plume is incorrect, and the Newfoundland
margin is predicted to be drawn down with respect to the Iberian margin by 400–600 m. The observed sense
of drawdown is the other way around with an amplitude of 1 km. We concur that some of these diﬀerences
may reﬂect diﬀerences in spherical harmonic degree.
A detailed analysis of a region encompassing the African plate was carried out by Gurnis et al. [2000] who
used the S20RTS tomographic model as a starting point. Their model predicts the long-wavelength growth
of dynamic topography for subequatorial Africa, but short wavelength variations along the coastline are
not resolved. Conrad and Gurnis [2003] revisited this problem and determined a history of dynamic topog-
raphy from 75 Ma to the present day. However, this revised model does not agree with spot measurements
of residual depth [Al-Hajri et al., 2009]. Daradich et al. [2003] focus on northeast Africa and the Arabian
peninsula using both the S20RTS and TXBW tomographic models. Their predictions broadly agree with
their observed residual topography, which is slightly smaller than our spot measurement from the Red
Sea. Finally, Forte et al. [2010] predict dynamic topography for the whole of Africa using two diﬀerent seis-
mic tomographic models and a range of radial viscosity functions. In all four cases, there are signiﬁcant
discrepancies between prediction and observation, especially at the coastline.
7. Conclusions
We have built a database of seismic reﬂection and wide-angle proﬁles in order to constrain residual depth at
well-sedimented margins throughout the oceanic realm. Accurate estimates of residual depth depend upon
our ability to strip out the isostatic eﬀects of sedimentary loads as well as crustal and lithospheric thickness
variations. Our analysis has yielded 449 measurements of residual topography, which are evenly distributed
from 0 to > 200 Ma oceanic plates. Many of our measurements are adjacent to continents, which helps to
constrain the variation of onshore residual topography.
We have used these measurements in conjunction with selected ship track bathymetric data to con-
struct a global map of residual topography in the oceanic realm. The relationships between residual
depth, long-wavelength gravity anomalies, and seismic tomographic models, such as S40RTS, have been
explored. Our results are partly encouraging, but they also highlight the limitations of using seismic
tomographic models as the exclusive basis of dynamic topographic predictions. Although there is some
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correlation between averaged seismic velocity anomalies and residual depth, it is weak, and there are many
shorter-wavelength features (∼1800 km) which have not yet been tomographically resolved.
Our residual topographic maps show that there are signiﬁcant discrepancies with published predictions
of present-day dynamic topography and observations of residual depth anomalies. Most of these predic-
tive models are concerned with matching dynamic topographic measurements on the continents, and they
often neglect oceanic constraints. We emphasize the importance of obtaining accurate spatial and tempo-
ral measurements of residual depth, of exploring the phenomenological links between diﬀerent data sets,
and of the need to improve geodynamical models. It is vital that future modeling endeavors pay greater
attention to the matching of observations.
Appendix A: Global Database
Tables A1 and A3 summarize data sources used to determine spot measurements of residual topography
(Figure 5). When individual proﬁles span more than one 2◦ × 2◦ cell, multiple values of residual depth are
given. Data may diﬀer from points on map where individual cells are constrained by multiple proﬁles. For
each proﬁle, digitized seabed, sediment-basement interface, and base of oceanic crust is shown in Figure A1.
Point data (i.e., where sediment and crustal thickness are known from spot measurements) are shown in
Table A2, and points corrected for ﬂexure are shown in Table A3.
Table A1. Proﬁles Recorded in Depth
Proﬁle Reference Longitude Latitude Zw , m Zs, m Zc , m Age, Ma Zwl, m Zres, m
228 Jokat et al. [2004] 6.00 −67.01 4304 835 10690 139 5510 146
228 Jokat et al. [2004] 6.00 −67.64 4307 873 8818 143 5191 479
229 Proprietary data 302.21 −46.83 3707 5522 5354 131 6237 −646
229 Proprietary data 302.76 −46.71 4052 4570 5140 130 6147 −569
230 Proprietary data 305.50 −41.31 4759 2932 6831 126 6410 −871
231 Proprietary data 306.72 −39.59 4755 2968 5928 125 6257 −727
232 Proprietary data 302.30 −46.56 3634 5809 5807 131 6363 −774
232 Proprietary data 302.73 −47.25 4058 4539 5082 130 6129 −551
232 Proprietary data 302.90 −47.52 4202 4085 3974 129 5868 −295
233 Proprietary data 305.24 −40.96 4676 2895 8402 130 6598 −1014
234 Ehlers and Jokat [2009] 16.25 85.34 3660 187 no data 3 3786 −563
234 Ehlers and Jokat [2009] 20.00 84.26 4047 708 no data 27 4511 −125
234 Ehlers and Jokat [2009] 24.30 83.01 4034 2062 no data 47 5285 −382
234 Ehlers and Jokat [2009] 26.75 82.31 3863 3219 no data 51 5704 −717
234 Ehlers and Jokat [2009] 27.99 81.95 3537 2993 no data 56 5268 −171
235 Ehlers and Jokat [2009] 100.50 87.59 4421 1247 no data 46 5213 −320
235 Ehlers and Jokat [2009] 105.00 87.80 4415 1749 no data 50 5495 −536
235 Ehlers and Jokat [2009] 110.00 88.03 4407 1488 no data 52 5340 −324
235 Ehlers and Jokat [2009] 115.00 88.26 4387 2071 no data 54 5644 −587
235 Ehlers and Jokat [2009] 120.00 88.49 4365 1594 no data 55 5358 −277
235 Ehlers and Jokat [2009] 125.00 88.72 4343 1593 no data 55 5335 −256
235 Ehlers and Jokat [2009] 129.20 88.92 4325 868 no data 57 4889 218
235 Ehlers and Jokat [2009] 75.05 86.42 3922 13 no data 5 3930 −549
235 Ehlers and Jokat [2009] 80.00 86.65 3260 21 no data 15 3274 652
235 Ehlers and Jokat [2009] 85.00 86.88 3678 21 no data 22 3693 520
235 Ehlers and Jokat [2009] 90.00 87.11 4323 615 no data 32 4729 −195
235 Ehlers and Jokat [2009] 95.00 87.34 4428 865 no data 39 4990 −266
235 Ehlers and Jokat [2009] 97.95 87.47 4424 1564 no data 44 5400 −563
236 Ehlers and Jokat [2009] 27.35 83.73 4054 1394 no data 42 4932 −125
236 Ehlers and Jokat [2009] 28.70 83.08 3988 2770 no data 49 5608 −650
236 Ehlers and Jokat [2009] 31.00 81.98 3436 3679 no data 57 5494 −377
237 Ehlers and Jokat [2009] 1.25 79.55 2705 703 no data 7 3166 374
237 Ehlers and Jokat [2009] 3.75 79.32 2788 303 no data 1 2992 −28
237 Ehlers and Jokat [2009] 356.65 79.98 2597 2156 no data 22 3899 327
237 Ehlers and Jokat [2009] 358.70 79.79 2783 1856 no data 16 3923 88
238 Ehlers and Jokat [2009] 357.30 77.76 3025 2618 no data 32 4568 −27
238 Ehlers and Jokat [2009] 358.10 77.61 3096 2478 no data 32 4568 −10
238 Ehlers and Jokat [2009] 1.25 77.05 3236 1244 no data 24 4026 264
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Table A1. (continued)
Proﬁle Reference Longitude Latitude Zw , m Zs, m Zc , m Age, Ma Zwl, m Zres, m
238 Ehlers and Jokat [2009] 4.50 76.46 2809 358 no data 12 3049 771
238 Ehlers and Jokat [2009] 359.35 77.39 3160 1231 no data 31 3943 577
239 Ritzmann et al. [2004] 5.50 78.70 1809 3257 3563 6 3016 406
239 Ritzmann et al. [2004] 7.58 78.77 1157 5616 3058 21 3302 886
240 Barton and White [1997] 335.54 56.87 3034 1227 9016 49 4168 772
241 Bauer et al. [2000] 11.63 −24.11 3319 2922 9880 123 5527 −25
242 Bauer et al. [2000] 11.54 −24.93 3803 2861 7915 121 5619 −140
243 Breivik et al. [2006] 356.84 65.99 3445 975 3942 33 3493 1087
243 Breivik et al. [2006] 358.62 65.41 3086 1585 5100 48 3705 1220
244 Canales et al. [2003] 255.84 8.70 3053 0 6201 0 2887 −220
245 Canales et al. [2003] 255.71 9.29 3040 0 6464 0 2923 −310
246 Canales et al. [2003] 255.94 9.21 2982 0 6701 0 2908 −152
247 Canales et al. [2003] 255.59 9.26 2890 0 7038 0 2878 −204
248 Canales et al. [1998] 246.34 −15.90 3114 0 5736 1 2862 77
248 Canales et al. [1998] 248.01 −15.66 3233 0 5881 4 3008 286
249 Canales et al. [1998] 245.72 −17.42 3100 0 5210 2 2751 274
249 Canales et al. [1998] 244.77 −17.54 3165 0 5301 3 2834 346
250 Canales et al. [1998] 247.22 −17.23 3093 0 5479 0 2794 −27
250 Canales et al. [1998] 247.68 −17.17 3150 0 5422 1 2840 113
251 Collier et al. [2009] 56.95 −2.14 4523 267 5358 59 4382 788
251 Collier et al. [2009] 56.45 −2.90 4273 554 5378 61 4323 880
252 Collier et al. [1998] 339.08 27.88 4718 1775 7444 135 5875 −248
253 Collier et al. [1998] 339.10 27.97 4664 1468 7822 135 5718 −90
254 Collier et al. [1998] 339.18 28.04 4724 1362 7392 136 5638 −7
255 Collier et al. [1998] 339.19 27.89 4714 1788 6625 136 5728 −95
256 Collier et al. [1998] 339.20 27.98 4678 1669 6853 136 5668 −35
257 Contreras-Reyes et al. [2008] 283.08 −37.47 4100 291 7159 29 4307 155
257 Contreras-Reyes et al. [2008] 284.02 −37.67 4102 360 7449 30 4408 79
258 Contrucci et al. [2004] 349.54 34.45 4194 3954 8892 177 6708 −985
259 Cooper et al. [1992] 177.20 58.76 3640 4309 6557 77 5881 −331
259 Cooper et al. [1992] 177.20 56.88 3913 3023 8490 73 5914 −432
260 Cooper et al. [1992] 182.04 54.96 3803 4575 no data 68 6261 −891
260 Cooper et al. [1992] 183.76 55.86 3801 4125 no data 69 6061 −658
261 Corredor et al. [2005] 5.63 3.17 2397 7250 no data 99 5912 −437
262 Crosby et al. [2010] 227.59 71.62 1189 14302 no data 140 7007 −1348
263 Ebeniro et al. [1988] 266.00 25.97 3063 12569 4880 169 7941 −2226
264 Edwards et al. [1997] 359.76 4.29 4933 2950 4135 94 6096 −556
265 Gerlings et al. [2011] 318.32 48.47 4320 1633 4990 86 4946 666
266 Gailler et al. [2009] 5.72 41.11 2642 6680 5452 16 5642 −1634
267 Gailler et al. [2009] 6.39 39.86 2729 5567 3419 22 4921 −678
269 Greenroyd et al. [2007] 309.70 7.56 4193 4049 4091 89 5865 −272
269 Greenroyd et al. [2007] 309.13 6.77 3537 5642 4043 95 5875 −350
270 Hampel et al. [2004] 283.20 −15.70 3131 210 15159 45 4758 103
271 Hampel et al. [2004] 283.23 −15.64 2980 314 16270 45 4882 −19
272 Hirata et al. [1992] 138.21 42.61 3684 1930 6388 17 4732 −684
272 Hirata et al. [1992] 136.88 42.04 3739 2002 6799 18 4903 −819
272 Hirata et al. [1992] 137.72 42.40 3746 1949 6515 17 4829 −782
273 Hirsch et al. [2009] 14.38 −32.99 3374 2622 7008 126 4902 633
274 Holbrook and Kelemen [1993] 286.28 36.28 2758 10108 4608 177 6801 −1079
275 Holbrook and Kelemen [1993] 288.36 38.15 2512 9251 8215 174 6935 −1216
276 Holbrook and Kelemen [1993] 284.09 32.45 3976 4890 7413 180 6626 −902
277 Holbrook and Kelemen [1993] 188.25 50.35 5510 1703 4739 63 6129 −872
278 Hopper et al. [2003] 316.86 46.08 4526 1494 3755 108 4845 554
279 Klingelhöfer et al. [2000] 4.50 71.44 3023 939 4310 21 3116 1063
280 Klingelhöfer et al. [2000] 4.09 71.64 3019 521 4465 17 2880 1141
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Table A1. (continued)
Proﬁle Reference Longitude Latitude Zw , m Zs, m Zc , m Age, Ma Zwl, m Zres, m
282 Klingelhöfer et al. [2008] 339.95 23.49 3838 4113 7702 158 6205 −503
283 Klingelhöfer et al. [2008] 341.46 22.93 3097 6680 7390 170 6454 −738
284 Kopp et al. [2002] 106.07 −9.67 5715 644 7317 104 6180 −758
285 Korenaga et al. [2000] 328.48 64.61 2255 929 10498 43 3483 1337
287 Lau et al. [2006] 313.66 44.40 3993 2765 4365 124 5106 407
288 Lizarralde and Holbrook [2002] 196.34 52.66 5887 1063 6004 56 6368 −1269
288 Lizarralde and Holbrook [2002] 196.50 52.42 5126 1185 5763 56 5635 −540
289 Lizarralde et al. [2007] 251.80 23.29 2599 1888 4904 3 3351 −169
290 Lizarralde et al. [2007] 251.10 22.61 2917 1357 4904 3 3368 −150
290 Lizarralde et al. [2007] 251.91 22.18 2923 1476 4295 6 3331 111
290 Lizarralde et al. [2007] 252.62 21.79 2800 1912 4464 8 3484 116
291 Lizzaralde and Holbrook [1997] 286.10 36.48 2483 7522 8572 179 6368 −644
292 Lizzaralde and Holbrook [1997] 286.30 36.44 3017 6965 7551 178 6510 −787
293 Navin et al. [1998] 327.17 57.78 1602 13 7491 1 1684 1280
293 Navin et al. [1998] 327.83 57.60 1557 96 6968 4 1599 1674
293 Navin et al. [1998] 328.24 57.48 2061 11 6362 7 1932 1577
294 Páramo et al. [2008] 251.19 22.62 2953 1245 7924 3 3896 −671
294 Páramo et al. [2008] 251.63 22.40 2734 1282 8077 5 3727 −359
295 Parsiegla et al. [2009] 25.34 −35.88 4291 561 8035 115 4835 588
296 Parsiegla et al. [2009] 24.04 −36.72 4692 133 7200 116 4801 623
297 Parsiegla et al. [2009] 288.38 −20.99 5442 752 4744 52 5500 −480
299 Proprietary data 318.48 −31.35 3858 2387 6150 105 5107 306
300 Proprietary data 310.52 −32.48 773 10812 7348 132 5551 54
300 Proprietary data 310.43 −32.57 597 11071 7671 133 5517 92
301 Chian and Louden [1994] 308.62 59.94 3300 1876 6708 64 4378 900
303 Rodger et al. [2006] 312.35 4.45 2524 8916 4244 97 6101 −599
303 Rodger et al. [2006] 313.38 5.39 3467 4588 6426 81 5806 −205
306 Scherwath et al. [2009] 282.04 −43.12 3563 84 5432 8 3313 293
306 Scherwath et al. [2009] 283.13 −42.99 3579 237 5578 10 3459 263
307 Scherwath et al. [2009] 282.20 −44.89 2809 153 4674 1 2466 374
307 Scherwath et al. [2009] 283.12 −44.71 2983 282 5527 3 2883 268
308 Scherwath et al. [2009] 283.10 −45.86 2277 182 4305 1 1886 893
309 Funck et al. [2003] 316.75 46.11 4387 1744 2361 109 4590 808
310 Shillington et al. [2006] 315.88 45.06 4697 1326 3230 111 4822 577
311 Shillington et al. [2006] 316.04 45.08 4747 1481 no data 110 5676 −277
312 Shillington et al. [2006] 315.82 44.96 4708 1427 no data 111 5606 −206
313 Hopper et al. [2003] 323.02 62.51 1995 1515 12752 50 3985 991
313 Hopper et al. [2003] 323.63 62.31 2332 1382 10828 49 3890 1054
314 Holbrook et al. [2001] 318.93 58.69 2856 1140 9444 49 4017 932
315 Funck et al. [2004] 302.32 41.98 4709 4535 3914 163 6562 −855
315 Funck et al. [2004] 302.58 41.43 4931 3780 4189 158 6499 −797
316 Wu et al. [2006] 299.83 41.38 4574 4780 4669 168 6672 −958
317 Louden and Chian [1999] 305.69 56.87 2963 3046 4943 60 4322 856
318 Tsikalas et al. [2005] 7.09 69.31 3098 1386 6940 49 3942 1006
319 Tsikalas et al. [2005] 7.28 70.22 2998 2046 5426 41 3932 842
319 Tsikalas et al. [2005] 7.85 70.00 3007 1951 5519 42 3907 890
320 Tsikalas et al. [2005] 11.11 69.63 2848 2576 7775 51 4493 486
321 Tsuru et al. [2000] 145.37 38.96 5302 324 6007 132 5319 284
322 Turner et al. [1999] 183.22 −22.41 2415 0 8057 0 2592 158
323 Turner et al. [1999] 183.39 −22.20 2171 0 8801 0 2484 158
324 Moulin et al. [2005] 9.74 −6.83 3565 6078 5410 117 6326 −886
325 Moulin et al. [2005] 10.21 −8.04 3980 3423 5810 119 5680 −226
326 Moulin et al. [2005] 10.18 −7.43 3896 4369 5736 119 6013 −557
326 Moulin et al. [2005] 9.47 −7.58 4117 3542 6974 116 6088 −663
327 Zelt et al. [2003] 286.77 −32.79 4150 869 5793 38 4474 220
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Table A2. Results From 1-D Refraction Proﬁles and Similar
Reference Longitude Latitude Zw , ms Zs, ms Zc , ms Age, Ma Zwl, m Zres, m
DeVoogd et al. [1992] 17.49 36.14 3,470 6,819 9,180 245.2 7,209 −1464
DeVoogd et al. [1992] 18.03 35.66 3,816 5,066 8,289 241.2 6,701 −955
DeVoogd et al. [1992] 28.19 33.21 2,966 10,000 10,677 266 8,092 −2351
Minshull and White [1996] 61.50 −31.54 4,100 0 4,300 32.5 3,584 977
Minshull and White [1996] 62.60 −31.35 4,160 0 5,400 35.7 3,847 799
Chamot-Rooke et al. [1993] 81.28 −2.64 4,827 1,683 5,534 80 5,628 −40
Chamot-Rooke et al. [1993] 81.34 −1.95 4,807 2,436 5,584 81 6,003 −414
Chamot-Rooke et al. [1993] 81.34 −1.48 4,775 2,648 6,391 83 6,292 −694
Chamot-Rooke et al. [1993] 81.34 −1.06 4,727 2,751 6,602 84 6,330 −718
Chamot-Rooke et al. [1993] 81.34 −0.58 4,626 2,603 7,108 87 6,196 −588
Cambridge holdings 155.16 36.81 5,724 735 7,059 135.8 6,198 −565
Cambridge holdings 56.28 36.34 5,539 372 5,919 137.5 5,571 73
Cambridge holdings 54.68 34.02 5,786 620 4,402 146.3 5,698 −17
Cambridge holdings 53.65 33.98 5,916 583 5,487 142.5 6,004 −335
Cambridge holdings 52.20 33.90 5,919 292 5,928 144.8 5,900 −223
Cambridge holdings 51.36 34.03 5,955 627 4,379 144.2 5,867 −192
Cambridge holdings 50.58 34.03 5,972 666 4,857 143.5 5,997 −324
Cambridge holdings 48.88 33.96 6,161 614 4,991 142.8 6,177 −507
Cambridge holdings 51.62 33.94 5,947 841 4,219 144.5 5,963 −287
Cambridge holdings 50.95 34.10 5,951 576 4,863 143.7 5,920 −247
Cambridge holdings 50.43 34.08 5,971 260 4,793 143.3 5,721 −49
Cambridge holdings 49.38 33.98 6,167 801 3,493 143.0 6,025 −354
Cambridge holdings 48.74 34.05 6,154 547 4,541 142.6 6,045 −376
Cambridge holdings 52.25 33.85 5,970 645 4,062 144.9 5,835 −158
Cambridge holdings 64.42 32.69 6,195 468 3,499 137.3 5,843 −200
Cambridge holdings 63.89 32.07 6,041 566 3,045 139.6 5,668 −12
Cambridge holdings 47.32 30.68 6,135 314 5,588 146.8 6,067 −384
Cambridge holdings 49.06 37.60 5,812 764 4,808 136.5 5,889 −251
Cambridge holdings 49.40 37.46 5,880 1,027 4,855 136.8 6,127 −487
Cambridge holdings 50.24 36.95 5,670 552 6,236 137.6 5,876 −231
Cambridge holdings 50.46 36.77 5,663 563 6,234 137.9 5,876 −229
Cambridge holdings 50.13 36.52 5,858 391 5,441 139.0 5,814 −161
Cambridge holdings 51.41 36.63 5,816 406 7,383 136.6 6,140 −502
Table A3. Points Corrected for Flexure Using Results of Bry and White [2007]
Reference Longitude Latitude Zw , m Zs, m Zc , m Age, Ma Cﬂex , m Zwl, m Zres, m
Pavlenkova et al. [2009] 288.38 −20.99 5482 725 4734 52.5 −490 5031 49
Contreras-Reyes et al. [2008] 284.13 −37.69 4045 356 7359 30 173 4505 −17
Hampel et al. [2004] 283.76 −16.14 3468 158 13590 45.1 88 4860 6
Hampel et al. [2004] 283.06 −15.86 2693 557 16554 44.7 193 4999 −143
Scherwath et al. [2009] 282.58 −43.05 3516 138 5728 9.5 125 3482 186
Scherwath et al. [2009] 282.81 −44.77 2918 282 5195 2.0 173 2929 156
Scherwath et al. [2009] 283.11 −45.85 2297 167 4326 0.5 186 2085 688
Zelt et al. [2003] 286.84 −32.79 4146 828 6086 37.7 −153 4344 351
Holbrook et al. [1999] 188.39 50.17 5237 1626 4706 63.9 254 6061 −786
Lizarralde and Holbrook [2002] 196.45 52.49 5291 1129 5799 54.3 −108 5666 −607
Tsuru et al. [2000] 145.41 38.95 5258 404 6046 132.2 384 5718 −115
Kopp et al. [2002] 106.04 −9.73 5691 568 7422 104 11 6137 −716
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Figure A1. Interpreted seismic images used to create global maps, showing water layer (white), sediment layer (stip-
pled), and igneous crust (crosses). Only oceanic portion of each line is shown. Discontinuous/absent Moho implies that it
was unclear or not visible. Proﬁle numbers refer to Tables 1 and A1.
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Figure A1. (continued)











































 148  149  150 










































 177  178  179  180  181  182  183 
0 km 100 km 200 km 300 km 400 km 500 km
Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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